I. Introduction
In this paper we investigate the long-run, mean-reverting properties of real exchange rates and examine whether any additional insight into exchange rate behavior can be gained by considering the recent floating rate period from the perspective of data reaching much further back into history. To do so, we have assembled what to our knowledge is the longest currently available exchange rate and pricelevel data set for the United States, the United Kingdom, and France, a data set that continuously spans some two centuries in length, beginning in 1791 and ending in 1990.
The principal motivation for this investigation centers around two related issues: the concern that has recently been voiced in the literature over the low power of statistical tests of nonstationarity applied to real exchange rates during the current float (see, e.g., Frankel 1993; Johnson 1993), and the potential problems that arise in attempting to increase test power by incorporating prefloat observations in the data set.
These issues can perhaps be best understood in the context of the shifts in professional consensus over the past three decades on the subject of real exchange rate stability between the currencies of the major industrialized countries.1 While most prefloat studies supported the existence of a fairly stable real exchange rate over the long run (e.g., Friedman and Schwartz 1963; Gailliot 1970),2 the prevailing orthodoxy of the early 1970s, largely associated with the monetary approach to the exchange rate,3 went even further by adopting the much stronger proposition of PPP on a continuous basis.4 Then, how-1 See Froot and Rogoff (in press) for a recent survey of theoretical and empirical work on purchasing power parity (PPP) and long-run real exchange rates.
2 According to Friedman and Schwartz, "One striking example of the stability of basic economic relations is the stability of relative prices in the United States and Great Britain adjusted for changes in the exchange rate between the dollar and the pound. We have a reasonably continuous series from 1871 on....
In the 79 years from 1871 to 1949, vast changes occurred in the economic structure and development of the United States, the place of Britain in the world economy, the internal monetary structures of both the United States and Great Britain, and the international monetary arrangements linking them. Yet despite these changes, despite two world wars and despite the statistical errors in the price-index numbers, the adjusted ratio on the base that makes 1929 = 100 was between 84 and 111 in all but one of the 79 years" (1963, pp. 678-79).
3 See Taylor (1995) for a recent survey of the exchange rate economics literature, including PPP and the various exchange rate models that have been developed over the last 20 years. 4 See, e.g., Frenkel (1976) , McCloskey and Zecher (1976) , and many of the other studies reprinted in Frenkel and Johnson (1978) . Proponents of early monetary exchange rate models, moreover, argued that while the exchange rate may apparently diverge from PPP when conventional price indices are used, the condition would be seen to hold if one could observe the "true" price indices that are relevant for deflating national monies (see, e.g., Mussa 1976). ever, in the mid to late 1970s, opinion shifted back in the earlier direction. The apparent "collapse" of PPP under the float (principally the observed high variance of real exchange rates) (Frenkel 1981 ) was a motivating force in the development of the sticky-price, overshooting exchange rate model due originally to Dornbusch (1976 regimes that existed in the long historical period before the current float. The observations from that latter period therefore end up being a small proportion of the observations in the full sample. A significant innovation of the present study over the previous studies that have employed long-term real exchange rate data, therefore, is that we attempt to infer the information content of the prefloat data for the recent floating-rate period by, for example, estimating autoregressive real exchange rate equations using prefloat data and then testing and otherwise evaluating their stability and forecasting accuracy over the course of the recent float.
In Section II, we give a brief statement of the PPP hypothesis and discuss its relationship with mean reversion in the real exchange rate. Section III describes the data set, and Section IV presents our empirical results. Section V presents a summary of results and some brief conclusions.
II. Purchasing Power Parity
Under PPP, the nominal exchange rate is proportional to a ratio of foreign and domestic price levels: St= Pt* -Pt, l where st is the logarithm of the nominal exchange rate (the foreign price of domestic currency) and pt and p* are the domestic and foreign price levels, respectively.8 The nature of deviations from PPP can be examined through the real exchange rate since the logarithm of the real exchange rate, qt, can be defined as the deviation from PPP: qt -st + At -P* (2) If PPP held continuously, qt would be a constant reflecting differences in units of measurement. However, the sample variance of major real exchange rates over the recent float is very large, providing strong and clear evidence against continuous PPP. As noted above, failure to reject the hypothesis of nonstationarity in the real exchange rate has often been taken as evidence against long-run PPP (although see Frankel [1993] for a critical discussion of this literature).9 8 We are implicitly dealing with absolute rather than relative PPP (see Officer 1982) . 9 Note that it is theoretically possible for the real exchange rate to be in equilibrium at a level other than the PPP level. In equilibrium exchange rate models (e.g., Stockman 1980; Lucas 1982), the equilibrium real exchange rate is determined endogenously as the result of optimizing behavior by agents in clearing markets.
III. Two Centuries of Data on Real Exchange Rates
Our data set consists of annual observations of dollar-sterling and franc-sterling exchange rates and the wholesale price indexes of France, the United States, and the United Kingdom. In the case of the latter two countries, these data span the full two centuries 1791-1990 and, in the case of France, the 188 years 1803-1990. A full listing of data sources and methods is given in the Appendix. Deflating the nominal exchange rate series by relative prices, we obtain the dollar-sterling and franc-sterling real exchange rate series graphed in figures 1 and 2. This sample offers a uniquely rich body of data for studying exchange rate behavior. For the three countries we study, exchange rate arrangements varied considerably over these two centuries, ranging from the pure gold standard, including its heyday period of 1880-1914, to wartime controls of varying intensity, to episodes of floating rates and fiat money. The number of separate exchange rate regimes during this 200-year span varied from nine for the United Kingdom to 12 each for France and the United States, when the periods in which the two were on a bimetallic standard are subdivided into subperiods of gold or silver dominance (see Lothian and Taylor 1995) .
Confrontation with data spanning several nominal exchange rate regimes is the inevitable cost of increasing the length of the data sample size, but at the same time, it provides the basis for a more stringent test of mean reversion in the real exchange rate than would be possible with shorter though still lengthy samples. A number of studies have documented the increased short-term volatility of real exchange rates during floating-rate regimes.'0 In this paper, however, we are concerned with the longer-run properties of real exchange rates. Although we believe it is quite likely that the time-series properties of real exchange rates will have altered in some respects between regimes, we are in effect examining whether there are significant similarities that carry over." It also seems likely that, over a period 11 Moreover, in some equilibrium exchange rate models (e.g., Stockman 1980), the real exchange rate is invariant to the choice of nominal exchange rate regime. While it is known that the volatility of the real exchange rate is not regime neutral, Becketti and Hakkio argue that regime neutrality is more likely to hold for the long-run properties of the real exchange rate; see Becketti and Hakkio (1992, pp. 5-7) for further discussion of this issue in relation to testing for mean reversion in real exchange rates across regimes. See also Rogers (1994) on this issue. of 200 years, there will have been important real shocks to the real exchange rate, some of which may have had permanent components.12 Our aim is to examine whether the hypothesis of a stationary real exchange rate is a good first approximation that describes the salient characteristics of real exchange rate behavior even over such a diverse period as the last two centuries.
IV. Empirical Results

A. Unit Root Tests
We applied two sets of unit root tests to the data, both standard Dickey-Fuller tests and the seminonparametric Phillips-Perron modifications of those tests as cataloged in Perron (1988). Perron demonstrates that if a series is stationary about a linear trend but no allowance for the trend is made in the construction of the unit root test, then the probability of a type II error (failure to reject the unit root hypothesis when it is false) may be high.'3 Perron suggests the following strategy for testing for unit root behavior in a series qt. First, estimate the following regression by ordinary least squares:
where T + 1 is the sample size and ut is an error that may be serially correlated and heterogeneously distributed.'4 Then use the seminonparametric test statistics developed by Phillips (1987a Phillips ( , 1987b ) and Phillips and Perron (1988) 
The appropriate test statistics are, in fact, transforms of the standard t-statistic for HA and of the standard F-statistics for HB and Hc (we denote them Z(TT), Z(2), and Z((D3), respectively). If the unit root hypothesis can be rejected at this juncture, there is no need to pro-12 Grilli and Kaminsky (1991) argue that the persistence of real exchange rate shocks is more likely to be a function of the specific historical period rather than the particular nominal exchange rate regime. 13 In other words, the test will lack power. The intuition behind Perron's formal proof can be seen as follows. Suppose that the true data-generating process is q, = a + PBt + ut, where ut is stationary white noise; i.e., q, is stationary about a linear trend. If we estimate the AR(1) model q, = r + pqt-I + E, then p will be forced to unity, so that the AR(1) model is equivalent to q, = qO + rt + i, where it = It E, which approximates a linear trend.
14 See Perron (1988) for the precise set of assumptions concerning the error term. The assumptions are sufficiently weak to allow q, to follow a general autoregressive moving average or (subject to the stationarity of the exogenous variables) ARMAX process. In table 3 , we report AR(1) equations estimated for the two exchange rates both over the full sample period and excluding the recent float. In each case the estimated slope coefficients are close to but less than unity.'7 The equations provide good fits, explaining some 80 percent of the variation in the dollar-sterling real exchange rate over the past 200 years and some 60 percent of the variation in the franc-sterling real rate. The slope coefficients are extremely well determined, and each equation supplies satisfactory residual diagnostics. Moreover, the coefficients alter only very slightly when the floating-rate period data are included, and indeed there is no sign of a 16 It is interesting to note that the subperiod in which the unit root hypothesis is rejected for the franc-sterling real exchange rate corresponds broadly to the classical gold standard period.
17 Note that we use heteroskedasticity-robust estimation techniques, so that the variance of shocks to the real exchange rate is allowed to vary over time. These results suggest that sterling real exchange rates against the franc and the dollar over the past 200 years are adequately characterized as realizations from stationary AR(1) processes. It is also interesting to note that the estimation results again indicate a higher degree of persistence in the dollar-sterling real exchange rate than in the franc-dollar real rate: The coefficient point estimates indicate that shocks to the real exchange rate are corrected at the rate of some 23 percent per year for franc-sterling but at only some 11 percent per year for dollar-sterling, implying a half-life of real exchange rate shocks of about 6 years for dollar-sterling and a little under 3 years for franc-sterling. This may be a reflection of the larger role that France has traditionally played as a trading partner for the United Kingdom and, relatedly, the closer physical proximity of these two countries. Alternatively, the results may reflect the presence of a larger permanent component in the real dollar-sterling exchange rate series. It is well known that autoregressive integrated moving average processes can be expressed as the sum of stationary and permanent components. We interpret rejection of nonstationarity as evidence that these permanent components are relatively small rather than identically zero.'8 Our aim is to examine whether mean reversion is a good first approximation to real exchange rate behavior. We now explore one way of judging how good that first approximation is.
C. Out-of-Sample Forecasting
The empirical results presented so far demonstrate that the meanreverting behavior of the real exchange rate during the recent float may be, in its salient characteristics, no different from its behavior during the previous one and three-quarter centuries. It still remains a possibility, however, that the real exchange rate has followed a random walk during the float, but that this period is too short to influence significantly the full-sample data characteristics. This issue can be addressed by constructing out-of-sample forecasting tests. Our contention is that, if the random walk model is closer to the truth for the floating period, then a random walk model ought to outperform an autoregressive model in out-of-sample dynamic forecasting. We 18 Rogers (1994) uses a general equilibrium optimizing model to identify real and nominal shocks to the dollar-sterling real exchange rate over the period and finds that nominal mean-reverting shocks account for 45-55 percent of the variance in the real exchange rate over short horizons. Estimates of time-varying permanent and transitory components of real exchange rates under the float are also provided by Evans and Lothian (1993) . 503 thus constructed 1-5-year-ahead dynamic forecasts, for each year of the float, by using the AR(1) models with the coefficients held fixed at their prefloat values (i.e., at the estimates obtained using data through 1973). Second, we constructed dynamic forecasts using recursively reestimated coefficients. The root mean square errors (RMSEs) of the forecasts were then constructed for each of the five forecast horizons and for both the fixed-coefficient and recursive-estimation cases. We considered two yardsticks against which to judge the performance of the autoregressive models: a random walk real exchange rate model and a random walk model with drift. In the case of the random walk with drift, the drift term was estimated recursively.
The results of these exercises are given in table 4. The first point to notice is that there is little difference in the fixed-coefficient and recursive-estimation results: for dollar-sterling, the fixed-coefficient RMSEs are slightly lower than the recursive-estimation RMSEs; for franc-sterling, the converse is true. This similarity between the two sets of estimates reflects the stability of these autoregressive equations over the period.
Judged against the real random walk models, however, the stationary AR(1) forecasts perform remarkably well. Moreover, the relative superiority of the AR(1) forecasts increases monotonically, as the forecast horizon is extended, for both exchange rates, from between 3 and 5 percent at the 1-year horizon to between 25 and 31 percent at the 5-year horizon.' 9 We regard this as strong evidence that the mean-reverting behavior that characterizes real exchange rate movements in the long period before the float did not give way to nonstationary behavior during the recent float.
V. Conclusion
Using data that at their longest span two centuries, we find that the two real exchange rates that we examine over this period-dollarsterling and franc-sterling-are both significantly mean-reverting. Stationary, first-order autoregressive, univariate models are capable of explaining some 80 percent of the variation in the dollar-sterling real rate during the past two centuries and 60 percent of the variation 19 As a check on the robustness of these results, we replicated the dynamic forecasting exercises over the floating rate period, 1974-90, using coefficients estimated with data for only the first 100 years of the data sets, 1792-1892 for sterling-dollar and 1804-1904 for sterling-franc. Expressing the resulting RMSEs as a ratio to the RMSE from the pure random walk forecast at the same horizon and stacking the ratios in a vector with the n-step-ahead ratio in the nth element, we have (. in the franc-sterling real rate. In a series of ex post dynamic simulations for the float, we also find that first-order autoregressive models, estimated on data ending in 1973, perform remarkably well during the float, in that they produce better forecasts of the actual real exchange rates than alternative random walk models. This forecasting superiority, moreover, increases with the time horizon, which is as it should be if real exchange rates are in fact slowly mean-reverting. In line with other recent studies, we find that this process of mean reversion is indeed quite slow, with estimated half-lives of adjustment of 3 years for franc-sterling and 6 years for dollar-sterling (see Frankel 1986 Frankel , 1993 Abuaf and Jorion 1990; Lothian 1991 ). This slow adjustment, coupled with the low power of conventional unit root tests in any but the longest time series, we believe, accounts for the widespread failure of such tests to reject the unit root null hypothesis in data for the float alone. Foremost among the economic implications of these purely statistical findings is what they tell us about PPP as an equilibrium condition: In the long run it remains a useful empirical first approximation. Unless one were to argue that permanent real shocks fortuitously canceled one another out in the sample periods and exchange rates we have examined, one can therefore rule out models that rely on such shocks as the principal driving force. What the statistical results do not do is allow us to make any finer distinctions with regard to model selection. The nature of the deviations from PPP that we observe is consistent with the existence of persistent yet slowly meanreverting influences, which may be either real20 or monetary (e.g., regime changes coupled with learning). Translated to the level of economic policy, these findings reinforce the idea of PPP as a longrun constraint.
followed the same procedure in constructing the other two countries' wholesale price indexes. 
